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ABSTRACT

A number of family history applications are in use by health care professionals
(e.g., CAGENE, Progeny, Partners Health care Family History Program) as well
as by patients (e.g., the US Surgeon General’s Family History Program). Each has
its own proprietary data format for pedigree drawing and for the maintenance of
family history health information. Interoperability between applications is
essentially non-existent. To date, disparate family history applications cannot easily
exchange patient information. The receiving application should be able to
understand the semantics of the incoming family history and enable the user to
view and/or to edit it using the receiving applications interface. We envision that
any family history application will be able to send and receive an individual’s
family history information using the newly created HL7 Clinical Genomics
Specifications through the semantic Web, using services that will transform one
format to the other through the HL7 canonical representation.

Keywords: Please provide

INTRODUCTION ca and genomic datawasintroduced asa
storyboard to the Clinical Genomics Spe-

Theneedto represent apatient’ sfam- cia Interest Group (SIG) iInHL7 (CG,

ily history informationassociatedwithdlini- - 2005). The SIG developsHL 7 standards
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(HL7, 2005) to enable the exchange of
interrelated clinica and personalized ge-
nomic databetween disparate organiza-
tions(e.g., hedth care providers, genetic
labs, research facilities, pharmaceutical
companies). Agreed-upon standardsto
alow thisexchangearecrudd, asitisenvi-
sonedthat theuseof genomicdatainhelth
carepracticewill becomeubiquitousinthe
near future. A few emerging casesfor this
includetissuetyping, genetictesting (e.g.,
cystic fibross, BRCA1, BRCA2), and
pharmacogenomicsclinicd trials. These
cases are represented in the SIG
storyboards, which haveled to the devel-
opment of the Genotypemode asthebasic
unit of genomic datarepresentation, focus-
ingonagspecificchromosomd locus.

It was determined that therewasa
st of basicinformation requiredto record
afamily history and to create apedigree
for the purpose of breast cancer risk as-
sessment (Thull & Vogel, 2004). For each
family member, thissetincludedtheinfor-
mation about hisor her relationshipsto
other membersof thefamily and thein-
formationregarding hisor her hedth. Re-
lationshipinformationincluded thetype of
relative, apersond identifier, andtheiden-
tifier of the person’s mother and father.
Health information dataincluded disease
type, ageat diagnosis, current age or age
of death, genetic syndrome suspected,
genetictest done, genetictest result asraw
data, and interpretation of genetictest.

Theexplosionin our knowledge of
geneticshasincreased our understanding
of the hereditary basisof many diseases.
Whilewe present herethe example of ex-
changing family history and risk informa-

tionrelativeto breast cancer, webelieve
thismodel can be used for the exchange
of any hereditary riskinformation.
Anoutlineof thepatient’sfamily his-
tory ispresentedin Appendix A. Popul at-
ing thisdataset with patient dataresultsis
theexampleshownin Table 1.

Storyboard Presentation

Thefollowingfictitiousscenariodem-
ondratesthe potential useof thesemantic
Web (Berners-Lee, Hendler & Lassila,
2001) in offering servicesof exchanging
family history information. Notethat this
isan aoridged verson of thefull presenta
tion contained inthe HL 7 specifications
(CG, 2005).

1. Martha Francisis 39 years old. Her
mother had ovarian cancer and was
found to have adeleterious BRCA1
mutation. She hastwo sisters, ahus-
band, and a daughter. She is not of
Ashkenazi Jewish descent.

2. She makes an appointment at a risk
clinic. Theclinicingructsher tousethe
Surgeon General’s Family History
(Yoon, 2002) Web-based tool to pre-
pare for the visit. She brings up the
Surgeon Generd’sFamily History tool
and entersher family history.

3. Shethensendsthedatatotherisk clinic
prior to her gppointment withthat clinic,
whereaCAGENE gpplicationreceives
thedata.

4. Thecounselor at therisk clinic (nurse
geneticist, nurse practitioner, genetic
counselor, doctor, etc.) uses the
CAGENE application (a pedigree
drawing program that runsrisk mod-
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els), wherethe patient’sfamily history
already hasbeenreceived. The coun-
sdlor editsthedataafter confirmingand
clarifying variousissueswiththepatient
and addsadditiond informationthat was
not entered at home.

5. Thepatientisconsidered to beat high
risk, and sheistold that sheisacandi-
datefor genetictesting. Thisincludesa
thorough discussion of the pros and
consof testing. The patient decidesnot
to havetesting and leaves.

6. The counselor at therisk clinic sends
back the updated family history tothe
Surgeon General History tool, so that
the patient can useit in future encoun-
ters, if needed.

Inthisfictitious scenario, both the
Surgeon General and CAGENE pro-

gramsusepublicly availableWeb Services
that transform the data to the format
needed by thereceiving application, if itis
not yet complying with the HL 7 specs.
Thevariousaspectsby which thiskind of
storyboard relatesto the current processes
aredescribed in Table 2, where the | eft
column showsthe current practice, and
theright column showsthe proposed im-
provements. The scenario described in
Table 2 ismore complex than the previ-
ous, asit includesthe use of threemore
family history programswiththeir owndata
formatsaswell asresultsfrom agenetic
tetingfacility.

THE FAMILY HISTORY

EXCHANGE MODEL

Following thepreviousanalysisof a
patient’sfamily history outlineaswell as

Table 1. Example of a cancer patient’s family history instance

Current

Age or
Vital  |Age of Age of Genetic
Relationship  |Status [Death |Disease |Diagnosis |Test Result Interpretation
3 2 Client-F ALIVE 47 NONE 0 N/A N/A N/A
5 4 Mother DEAD 72 Ovarian 40 N/A N/A N/A
3 7 6 Father ALIVE 75 NONE 0 N/A N/A N/A
Maternal
4 0 0 Grandmother ALIVE 98 NONE 0 N/A N/A N/A
Maternal
5 0 0 Grandfather  ALIVE 67 NONE 0 N/A N/A N/A
Paternal
6 0 0 Grandmother ALIVE 78 NONE 0 N/A N/A N/A
Paternal
7 0 0 Grandfather  ALIVE 87 NONE 0 N/A N/A N/A
8 3 2 Sister DEAD 67 Ovarian 60 N/A N/A N/A
9 3 2 Sister DEAD 55 Ovarian 80 N/A N/A N/A
1 0 0 Husband ALIVE 57 NO 0 N/A N/A N/A
DELETERIOUS
11 1 1 Daughter DEAD 33 Breast |30 BRCA1 185delAG MUTATION
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Table 2. How semantic interoperability of family history information can improve

current practices

CURRENT MEDICAL APPROACH

ENVISIONED APPROACH

Martha Francis is a 39-year-old woman with
ovarian cancer. She has a family history of
breast and ovarian cancer and believes she
may be carrying a BRCA1 or BRCA2 mutation
(which predisposes to breast and ovarian
cancer).

Martha Francis is a 39-year-old woman with
ovarian cancer. She has a family history of
breast and ovarian cancer and believes she may
be carrying a BRCAL or BRCA2 mutation (which
predisposes to breast and ovarian cancer).

She downloads the Surgeon General's Family
History tool onto her computer at home and
enters her family history.

She uses the Surgeon General’'s Family History
Web-based tool from her home and enters her
family history.

She then prints out her information onto paper
and brings the paper to her clinician.

She then sends the data to her clinician (the
Surgeon General’s tool uses Web Services to
export its data to the HL7 format and then to
transform it to the clinician's system format).

Her clinician types the information from the
paper into the homegrown electronic medical
record (EHR).

Her clinician is able to see her family history as
part of the homegrown electronic health record
(EHR) system used in the clinician's office.

The clinician reviews the family history with the
patient and makes corrections and additions in
the EHR.

The clinician reviews the family history with the
patient and makes corrections and additions in
family history information of the patient's EHR.

The patient is considered to be at high risk of
having a mutation, and this information is given
to her.

The patient is considered to be at high risk of
having a mutation, and this information is given
to her.

She is referred to a risk clinic.

She is referred to a risk clinic.

Francis' family history details are printed on
paper and sent to the risk clinic.

Francis' family history details are sent to the risk
clinic (the clinician's system uses Web Services
to export its data to the HL7 format and then to
transform it to the risk clinic's required format).

The counselor at the risk clinic (nurse
geneticist, nurse practitioner, genetic
counselor, doctor, etc.) types the data into a
number of programs: (1) Progeny (Progeny,
2005) to draw a pedigree; (2) CAGENE
(CaGene, 2005) to run risk models; and (3) a
homegrown Microsoft Access database to hold
various and sundry other data. The counselor
then reviews the family history information
collected by the primary clinician, edits it,
reviews results of the risk model algorithms,
decides what genetic syndrome her family
might have, and categorizes the patient as to
degree of risk.

The counselor at the risk clinic (nurse geneticist,
nurse practitioner, genetic counselor, doctor,
etc.) imports the patient's family history
information into a number of programs: (1)
Progeny (Progeny, 2005) to draw a pedigree; (2)
CAGENE (CaGene, 2005) to run risk models;
and (3) a homegrown Microsoft Access
database to hold various and sundry other data.
The counselor then reviews the family history
information collected by the primary clinician,
edits it, reviews results of the risk model
algorithms, decides what genetic syndrome her
family might have, and categorizes the patient
as to degree of risk.

The counselor speaks with the patient and
adds additional information to the databases.

The counselor speaks with the patient and adds
additional information to the databases.

If there have been any changes or additions to
the family history, the counselor runs the
computer models again.

If there have been any changes or additions to
the family history, the counselor runs the
computer models again.
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Table 2. How semantic interoperability of family history information can improve

current practices (cont.)

CURRENT MEDICAL APPROACH

ENVISIONED APPROACH

The patient is considered to be at high risk,
and she is told she is a candidate for genetic
testing. This includes a thorough discussion of
the pros and cons of testing.

The patient is considered to be at high risk, and
she is told she is a candidate for genetic testing.
This includes a thorough discussion of the pros

and cons of testing.

The order for testing is issued, and the family
history information is included with the lab
requisition (required by the testing laboratory).
The family history information is transcribed by
hand onto a paper lab requisition, which is sent
to the testing facility along with a blood sample.

The order for testing is issued, and the family
history information is included with the lab
requisition (required by the testing laboratory).
Data are sent to the testing facility through the
aforementioned family history Web Services,
along with a delivery of a blood sample.

At the central testing facility, the family history
data are typed into the database (homegrown).

At the central testing facility, the HL7 message
received from the family history Web Services is
imported into the database (homegrown).

Testing of the BRCA1 and BRCA 2 genes for
mutations is undertaken.

Testing of the BRCA1 and BRCA 2 genes for
mutations is undertaken.

The results are entered into the database.

The results are entered into the database.

Identified mutations are assessed for functional
significance by determining if they are
truncating (deleterious), or if they are irrelevant
(no change in amino acid coded by that
codon). All other mutations are compared to
known mutations to determine if information is
available on their functional significance. In this
case, a mutation is identified in BRCA1 and the
mutation is deleterious.

Identified mutations are assessed for functional
significance by determining if they are truncating
(deleterious) or if they are irrelevant (no change
in amino acid coded by that codon). All other
mutations are compared to known mutations to
determine if information is available on their
functional significance. In this case, a mutation
is identified in BRCA1 and the mutation is
deleterious.

The actual mutations and the assessment of
functional significance are printed on paper,
which is sent to the counselor.

The actual mutations and possibly the entire
gene sequences as well as the assessment of
functional significance are exported using the
HL7 Genotype model, which is part of the family
history standard specification. The Genotype
model is known to clinical genomics Web
Services that annotate the genomic data by the
most updated knowledge and to associate it with
the patient clinical history. The annotated results
are sent to the counselor.

The counselor types the results into his or her
databases, makes comments, and then prints
a final report, which is sent to the primary
provider and to the patient.

The counselor receives the results through his
or her family history program and further
annotates it. The counselor then sends the
information to the primary provider and to the
patient so both can update their records. As in
all information exchanges thus far, this is
seamlessly accomplished through publicly
available Web Services that can transform all
known family history formats through HL7
standards specifications.
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Figure 1. A bird’s eye view of the HL7 family history model
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the contextud storyboard presentation, we
have devel oped an HL 7 model to alow
the representation of apedigreewith an
unlimited depth of generations. Themode
addresses the storyboard requirements
whilemaking use of the Genotype model
for embedding genomic dataat any level
of granularity availableand needed.
Themodeling effort isbased onthe
new HL 7 Reference Information Model
(RIM) fromwhichall HL7 V3 specsare
derived (e.g., labs, pharmacy, clinical
documents, clinicd trids, etc.). TheHL7
RIM (RIM, 2005) hasfour core classes
that basically allow the representation of
anentity playing arolethat hasapartici-
pationin an act. For example, aperson
isplaying arole of arelativethat hasa
participationinanobservationact of clinicd
and genomic data. By using the dedicated
HL 7 tools, we created UML-like mod-
es, wherewerefinedthecoreRIM classes
and associated themin away that repre-

sents a pedigree. We then were able to
generate automatically an XML schema
from these moded sand to experiment with
family history information exchange.

Figure 1 showsabird seyeview of
the Family History model utilizing the
Genotype model to represent optional
genomic datafor the patient and each of
hisor her rdatives.

UNDERLYING
STANDARDS AND

TECHNOLOGIES

Thefollowing sectionsdescribestan-
dards and technol ogiesthat underliethe
family history model and enableitspoten-
tial useinthe semantic Web.

HL 7 Standardsasa Foundation
for Semantic|nteroper ability
TheHL 7 standard specificationsfo-
cuson theseventh layer of the SO Open
Systems|nterconnection model (i.e., the
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semanticleve that definesthe contentsof
the messages exchanged between dispar-
atesystemswithin and acrossenterprises).
An outstanding exampl e of such use of
HL7 isthe principle design of the UK
NHSNPSIT (Nationa Health Service—
National Programfor IT) (Williamsetd.,
2004). Itisaradical approachto change
theentirestrategy for information service
provisonin England and Wales. Theplan
isto have afoundation layer of nation-
wide applications running over a new
broadband infrastructureand exchanging
informationusng HL 7 verson 3 messages
extended and localized by the require-
mentsof thisprogram. Three main appli-
cationsare built onthese new infrastruc-
tures: (1) anationa e-booking system that
enablesthe patient to participateinwhere
and when an gppointment ismade; (2) an
eectronictranamissonof prescriptionsthat
will enable prescriptionsto be sent elec-
tronically between GPsand retail phar-
macies, and (3) anationa integrated pa
tient care service. The national patient
record system, comprising a medical
snapshot of every patient, will befedinto
anationd spineontop of thel T infrastruc-
ture. The spinewill link thefull range of
thelT servicesspecifiedlocally. Asare-
ault, eectronic patient recordswill beheld
centraly andwill beavalablefromall parts
of the NHS with improved debugging,
duplication, and management facilities,
compared to today’ sdispersed and frag-
mented systems. The UK multi-billion-
dollar NPfIT implementation (started in
2004) isaquantum leap compared to the
current hedlth carestuationinthe UK, and
itisal built around HL 7 standard specifi-

cations— acrucial enabler of semantic
interoperability onalargenational scale.
A smilarinitiativefor National Health In-
formation Infrastructure now isevolving
intheUS, although with different archi-
tecture— less centralized than the UK
(ONCHIT, 2005). AsintheUK, itasois
built around hedlth care tandardsasmain
enablersof semanticinteroperability. More
nationa hedth I T initiativesaregoingon
these days around the globe, some of
which are based on HL 7 standards; for
example, in Finland (Porrasmaa, 2004),
theNetherlands(NICTIZ, 2005), Canada
(InfoWway, 2005), and Australia
(HealthConnect, 2005).

Development M ethodologies
and Technologies

Thedevelopment of HL 7 specifica
tions follows the HL7 Development
Framework (HDF, 2005), a methodol-
ogy that dictates the use of pure UML
model sto represent thedomain analysis
and activity inthe storyboards of interest
to each working group (e.g., laboratory,
pharmacy, medical records, clinical
genomics). After the completion of these
domain-specific UML modelstothe sat-
isfaction of thedomain experts, thework-
ing group representsthesemodel sthrough
theHL7 RIM building blocks, resultingin
an HL7 Domain Information Model (a
UML-likemode with HL 7-specific con-
gtraints). Thelatter then servesasabasis
of creating severd HL7 Messagelnforma:
tion Mode sthat can beseridized to Hier-
archical Message Descriptionsand orga
nizedintointeraction sets. Theaforemen-
tioned artifactsarebeing baloted and sent
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to ANSI. For implementation purposes,
theHL 7 specificationscould betrand ated
to someimplementabl e technology like
XML. Theresulting XML schemasarenct
consdered part of the ball oted content but
rather one option of implementation, tak-
ing into account that at alater time, there
might benew implementation technologies
for the samestandard specifications. Note
that only HL 7 Message Information Mod-
elscanbetrandated to XML schemeas, as
they are serializable model s as opposed
to Domain Information Modelsthat can
be more complex, encompassing all rel-
evant dataand associationsinthedomain.

Theprocessof creating HL 7 speci-
ficationsisfacilitated by asuite of tools
developed specifically for HL7; adraw-
ing tool allowsthe designer to draw an
HL7 model from a pallet of RIM core
classes. Itasodlowsthevalidation of the
model anditsstoragein adesign reposi-
tory. Another tool serializesaMessage
Information Model into aHierarchical
Message Description (HMD) exported
intoan XML format. Finally, aschema
generator, whichispart of theHL7 XML
I TS (Implementabl e Technol ogy Specifi-
cation), generatesan XML schemaout of
the HMD representation.

The Genotype M odel

Asaforementioned, the Family His-
tory model utilizes the HL7 Genotype
model to carry genomic datarelevant to
thepatient’sfamily history. The Genotype
model isintended to be used asashared
component inany HL 7 specification that
conveysgenomic data. It embedsvarious
typesof genomic datarelating to achro-

mosomd locus, including sequencevaria
tions, gene expression, and proteomics.
Within the Genotype modd, we have uti-
lized exigting bioinformaticsmarkupsthat
commonly areused by thegenomic com-
munity (e.g., MAGE-ML for geneexpres-
sondataor BSML for DNA sequences).
Thosehioinformaticsmarkupsrepresent the
raw genomic dataand areencapsulatedin
HL 7 objects. Ontheother hand, only por-
tions of the raw and mass genomic data
arerdevanttodlinica practice Tothat end,
we have constrained the full-blown
bi oi nformatics markup schemasand ex-
cluded areasthat describe pureresearch
data. More importantly, the Genotype
model asoincludesspecialized HL7 ob-
jects(eg., SequenceVariaion of SNPtype)
that hold those portionsof theraw genomic
datathat seemto besignificanttoclinica

practice. Those specialized objectshave
attributesthat represent the essential ge-
nomic dataa ongwith optiona annotation.

They arepopulated through abubbling-up
processthat dedicated applicationscarry
out. Thebubbling-up processshould take
into account thegoasof clinica care, the
patient-specific history, and themost cur-
rent knowledge about relevant clinicd-ge-
nomic correlations. Once popul ated, those
specidized objectscan beassociated with
Clinical Phenotypes, represented either in-
terndly withinthe Genotypemodd or dse-
where; for example, asdiagnosesand a-
lergies residing in the patient medical

records.

Figure2 showsabird’ seyeview of
the Genotype model, distinguishing be-
tween the encapsulating objects vs.
bubble-up objects.
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Figure3illustratesapossible use of
the encapsul ate and bubble-up paradigm
inthe caseof family history data. Thege-
netic testing lab sendsraw genomic data
encapsulated in the Genotype encapsu-
lating objects (e.g., full sequencing of the
BRCA1 gene, expressed withBSML and
encapsul ated in the Sequence object of
the Genotype model). When thisportion
of theHL7 message arrivesat theEHR
system, it gets appended to the patient’s
family history. Wethen envision that spe-
cialized decision support services will
parse the family history and bubble up
those SNPsintheraw datathat are most
clinicaly sgnificant tothegod of assess-
ing patient risk, resulting inannotation and
enrichment of the datato be more useful
toclinical practice. Thus, weenvisonthat
serviceswill not only enabletheexchange
of information from one proprietary for-
mat to the other but also leverageit to be
moreeffectivetothereceiving user.

Notethat several bubbling-up pro-
cesses could be performed at the same
time (e.g., different algorithms, ontol o-
gies, etc.) and in different times (e.g.,
when new discoveriesbecomeavailable
and the sameraw datacan beinterpreted
differently). Therefore, itisimportant not
to abstract away the raw genomic data
of aspecific patient but rather encapsu-
lateit and makeit availableto any pro-
cesses that attempt to associate it with
clinical dataand facilitateaclinical deci-
sion at thepoint of care.

TheClinical Statement Model
Thedinica datainthefamily history
model might berepresented usng ashared

model of aclinica statement, whichisun-
der developmentin HL 7 by variouswork-
ing groups (e.g., the Structured Docu-
ments Committee, the Orders and Ob-
servations Committee, the Patient Care
Committee). Theclinicd statement model
providesthegrammar of how variousdis-
creteacts (observations, procedures, sub-
stance administrations, etc.) are associ-
atedto generateameaningful dinica sate-
ment.

TheEHR Functional M odel

The HL7 EHR Functiona Model
(recently approved as a DSTU - Draft
Standard for Trial Use) hasafamily his-
tory function stating theinformation found
inTable3.

Itisexpected that thisdraft standard
will bemandatory in the near future and
that every EHR systemwill comply with
certain profilesderived fromthisstandard.
TheUSgovernment isdeveloping anin-
centives program (through the CM S, for
example) to encourage providersto adopt
EHR systemsthat comply with thisstan-
dard (conformancemetricsarebeing de-
veloped) as well asto encourage EHR
vendorsto offer their systemsin accor-
dance with the standards functions
(Dickinson, Fischetti & Heard, 2003).

TheHL7Health Care Services
Standar dization Effort
Further to theaforementioned EHR
Functional Modél, thereisanew effort to
definestandard servicesfor EHR systems,
undertakenjointly by HL7andOMG. This
will lead to therealization of asemantic
Web for health care, asfunctionsdefined
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Figure 2. A bird’s eye view of the Genotype model (blue callouts point to
encapsulating objects while yellow callouts point to bubbled-up objects)
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Table 3.

Family history function statements in the HL7 EHR functional model

Function Name

Subj ect-to-Subject Relationship

Function Statement

Capture relationships among patients and othersto
facilitate appropriate access to their health record on this
basis (e.g., parent of achild), if appropriate.

Functional A user may assign the relationship of parent to a person
Description who istheir offspring. This relationship may facilitate

access to their health record as parent of ayoung child.
Rationale Support delivery of effective healthcare;

facilitate management of chronic conditions.

inthefunctional modd will beavallableas
Web Services, either by the enterprise
EHR system or by trusted third parties,
who will provide Web Services for
interoperability of EHR systemsaswell
asfor decision support and annotation.
Inorder to moveforwardinthisdi-
rection, itisnecessary for health careen-
terprisestoimplement aservice-oriented
architecturewhileestablishing service of-
feringswithinsuch architecture. Redliza-
tion of service-oriented health care
interoperability isbased onidentifyingthe
bus nessfunctionsand behavior being per-
formed by aset of agreed-upon services
aswell asdefining conformance metrics.
Thiswork ispredicated ontheavailability
of arobust semanticmodel describing pre-
cisaly theinformation payload acrossor-
ganizations(Rubin, 2005).

OWL andtheHL 7 Templates

Thespecificationsdevel oped thusfar
inHL7 aregenera-purposespecsand are
not customized or constrained to specific
requirementsfromthevariousclinica do-
mainsandtheir subspecidties. For example,
thereisageneric specification of aclinica
document, but thereisnot astandard way
of representing adischargesummary. The

HL7 TemplatesSIG' smissonistoaddress
thisissueof gpedidizationand customization
by offering mechanismsfor condrainingthe
generic gpecifications(Elkin & Kernberg,
2005). Template specificationseventually
will conditutethemgjority of theHL 7 San-
dards, including specidized domainssuch
asclinical genomics. Onecandidatefor-
malismfor expressing templatesisOWL
(Heflin, 2004), and once approved as a
standard templ ate mechanism (currently
under ballot), theHL 7 Clinical Genomics
SIG will attempt to represent itsspecifica
tionsusng OWL. Using OWL represen-
tationswill alow designersto better con-
strain the generic specifications and to
elaboratethemin order to createarich set
of specidized datacongtructsinther clini-
cal domain. Thecurrent HL7 methodol-
ogy and tooling do not permit the struc-
tured representation of constraints over
genericHL7 models. Thecurrent practice
istouseacongraint box pointingtoaclass
or attributein the model and to specify the
constraint in free text. Thisisalimited
mechaniamthat will beimproved oncethese
ball oted mode scan be congtrained further
using languagessuchasOWL. Inaddition,
OWL representationswill makethe HL7
specsabetter fit for the semantic Web.
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IMPLEMENTATION

WehaveimplementedtheFamily His-
tory modd by automaticaly generatingthe
XML schemafromthemodd and crafting
XML sampleswithactud patients family
history datathat validatethat schema. We
also added patient-specific BRCA se-
quencestoillustratethe benefitsof encap-
sulaing raw genomic datain the context of
BRCA risk assessment. Wearenow work-
ing with various stakehol ders (owners of
family history programsand diagnogticfa-
cilities, such asMyriad Genetics) to make
their programsinteroperablewiththeHL7
specification.

Asan example, weshow herefrag-
mentsof aFamily History sample XML
that representsclinica and genomicsdata
of apatient who hasamother and afather
(each hastwo parents), two sisters, ahus-
band, and adaughter. Thefull sampleis
presentedin Appendix B, anditisrecom-
mended that you copy it into aseparate
fileand open that filewith abrowser for
best viewing of thestructureaswell asthe
content of thesample.

The XML instance starts with the
Patient astheroot e ement (see Table4).

Notethat the patient aswell aseach
of her relativeshasoptiona nested ID €l-
ementsthat identify their ID androle; for
example, NMTH is an HL7 code that
means natural mother.

Thefragment in Table 5 describes
the daughter of the patient who died of
breast cancer. The genomic dataappear
first, identifying aspecific allele of the
BRCA2gere.

Thefragment in Table 6 shows an
elaboration of that BRCA2 allele by en-

capsulating sequencesfromthat dlelethat
might consist of personal SNPsbeyond
thosevariationsthat identified thisdlele.
Notethat the DNA sequencesbelow are
presentedfor illustration purposesonly and
arenot necessarily accurate.

Fndly, thefragmentin Table7 shows
afew of the SNPsfromthe BRCA2 al-
lele, represented with BSML withinthe
encapsul ated object (using thel soformel -
ement). In contrast, the element
derivedSequenceVariation representsan
object of the Genotype model that holds
theresultsof the bubbling-up processing,
picking on aspecific SNPand represent-
ingit asade eteriousmutation. Themuta:
tionisthen associated with clinical phe-
notypes(clinical observationfromthepa
tient medical records).

Notethat only theobservationid ap-
pearsinthis XML instance, becauseitis
represented by the ISO OID (Object
| dentifier) standard, which ensuresunique-
nessof object identifiersacross systems
and organizations and thus enables ser-
vicesto resolvethelocation of an object
such asthispatient’sdiagnosisand to get
itfromwhereitisbeing stored.

Thevalueelementistheend of the
encapsulation portion, because the raw
genomic dataareencgpsulatedinthevaue
attribute of theHL 7 Sequenceobject. The
referencetag allowsreferencing back to
theBSMIL Isoformeement. Thisreferenc-
ing enables the associ ation between the
bubbled-up object likethe 185del AG mu-
tation to theencagpsul ated dataasevidence.
Ontheother hand, the mutation object is
associated with clinica informationto en-
ableitsusability withinEHR systems.

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written

permission of ldea Group Inc. is prohibited.



54 Int'l Journal on Semantic Web & Information Systems, 1(4), 42-65, October-December 2005

Table 4. Family history XML sample: The root element fragment

<Patient xmIns="urn:hl7-org:v3" xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="urn:hl7-org:v3POCG_MT004008.xsd">
<id extension="555.001-SUBJ"/>
<id extension="555.002-NMTH"/>
<id extension="555.003-NFTH"/>
<l-- PATIENT-->
<patientPerson>
<administrativeGenderCode code="F"/>
<birthTime value="1957"/>

Table 5. Family history XML sample: The daughter fragment

<!-- DAUGHTER-->
<relationshipHolder>
<id extension="555.011-SUBJ"/>
<id extension="555.001-NMTH"/>
<id extension="555.01-NFTH"/>
<code code="DAU"/>
<relationshipHolder>
<deceasedInd value="true"/>
</relationshipHolder>
<l-- GENOMIC DATA-->
<subjectOf>
<Genotype>
<component2>
<individualAllele>
<text>breast cancer 2, early onset</text>
<value code="U43746" displayName="BRCA2" codeSystemName
="HUGO"/>

Table 6. Family history XML sample: The sequencing fragment

<sequence>
<code code="BSMLcon3"/>
<value>
<Definitions>
<Sequences>
<Sequence id="seql" molecule="dna"
ic-acckey="U14680 REGION: 101..199"
db-source="GenBank" title="BRCAL, exon 2" representation="raw"
local-acckey="this could be used by the genetic lab">

<Seg-data>
GCTCCCA CTCCATGAGG TATTTCTTCA
CATCCGTGTC CCGGCCCGGC CGCGGGGAGC CCCGCTTCAT
CGCCGTGGGC TACGTGGACG ACACGCAGTT CGTGCGGTTC
GACAGCGACG CCGCGAGCCA GAGGATGGAG CCGCGGGCGC
CGTGGATAGA GCAGGAGGGG CCGGAGTATT GGGACCAGGA
GACACGGAAT GTGAAGGCCC AGTCACAGAC TGACCGAGTG
GACCTGGGGA CCCTGCGCGG CTACTACAAC CAGAGCGAGG
CCG

</Seq-data>

</Sequence>
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Table 7. Family history XML sample: The bubbling-up fragment

<Isoforms>
<Isoform-set>

</Isoform-set>
</Isoforms>
</Definitions>
</value>
<methodCode code="SBT"/>
<derivation4>
<derivedSequenceVariation>
<code code="DNA"/>
<text>

</text>
<I--MUTATION-->

<pertinentInformation>

</reference>

</pertinentInformation>

<lIsoform id="SNP123" seqref="seql" location="9" change="T"/>
<lIsoform id="SNP456" seqref="seql" location="32" change="C"/>
<lIsoform id="SNP789" seqref="seq2" location="124" change="G"/>

<reference value="#SNP456"/>

<value xsi:type="CE" code="185delAG"/>
<interpretationCode code="DELETERIOUS"/>

<pertinentClinicalPhenotype>
<reference typeCode="SUBJ">
<referredToExternalClinicalPhenotype>
<id root="2.16.840.1.113883" extension="diagnosis1"/>
</referredToExternalClinicalPhenotype>

</pertinentClinicalPhenotype>

CONCLUSION

Thevison of thesemantic\Web could
play amagjor roleinthecurrent effortsto
achieveinteroperability of disparatehedth
informationsystems. Inthisarticle, wehave
focused ontheusecaseof exchangingfam-
ily history data, whichiscrucia for breast
cancer patients. In particular, elaborated
family history with raw genomic datais
becoming more important as clinical-
genomicscorrelaionsarenow astandard
part of modern health care.

While we have focused on breast
cancer family history, thismodel hasthe
generdizability to beutilized to exchange
family history information for any heredi-

tary condition. Hereditary conditions (be-
nign or malignant) tend to be defined by
thenumber of relativeswithaconditionor
conditions, the age at which those condi-
tionsoccur, and theclosenessof that rela-
tiveto the patient (degree of relative). In
addition, if genetictestingisundertaken,
the genetic mutation isdiscovered. Our
modé collectsthisinformationinauni-
formformat.

For example, let usconsider afam-
ily suspected of having hemochromatosis
(Toland, 2000), abenign condition that
causesthecdlsof thebody to retain more
ironthanthey need, whichcanleadtodia
betes, heart disease, liver disease, and ar-
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thritis. Theimportant information would
bethepresenceof liver disease, diabetes,
and soforthinvariousrelatives, theage
of onset of these conditionsineachrela-
tive, thebloodlineand the ability to show
the relative in apedigree, and whether
genetic testing wasdone, which test was
done, what theactud result was, and what
theinterpretationis. All thesedataitems
have placeholdersinthe HL7 model de-
scribedinthisarticle.

Asamore abstract conception, in
thinking about other indicatorsof heredi-
tary conditions, we can concelveof acon-
dition wherethegenetictest isnot avail-
ableor wasnot performed, but alabora-
tory test might giveuseful information. In
our model, laboratory test resultscan be
transmitted for eachindividua and canbe
displayed on apedigreeor runthrough a
model. Some conditionsmay requirethe
interaction of multiplegenes, and our modd
allowstherepresentation of multiplege-
netictest resultsfor eachrelative.

Whatever condition issuspected or
whatever datais collected, our model al-
lowsthetransmission of thisdatafromcli-
niciantoclinicianasamessageand, inad-
dition, alowsthisinformationto be used
to draw pedigrees and to run computer
modelsof risk.

Theimportance of drawing apedi-
gree should not be underestimated. A
pedigreeisagraphicd display of thefamily
history information that allowstheclini-
ciantovisualizethediseasesand there-
lationships, and thusto be abletointer-
pret the data better. In addition, the data
areinaformat that can beimported eas-
ily into computer modelsof risk inorder

to provide quantitative analyses of the
likelihood of the condition for various
family members.

Our HL7 modd dlowsthetransmis-
sionof all pertinent information for any
hereditary condition of whichwecurrently
can concelveand hastheflexibility tobe
extended to future, more complex genetic
conditions.

We envision the use of services
based on health standards over the Web
that variousfamily history specialized ap-
plicationswill beableto useto seamlesdy
exchangefamily history data. These sex-
viceswill bepart of theentire set of hedlth
servicesbeing defined by mgjor standard-
ization bodiessuchasHL7 and OMG. In
the development of the Family History
model, we used the HL 7 devel opment
methodol ogy and the HL 7 dedlicated tool-
ing. Wethus defined the semanticsof the
payload of family history services, and as
the aforementioned health servicestech-
nical framework becomesavailable, our
Family History modd could be utilized by
those services asthe domain-specific on-

tology.
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APPENDIX A.

Outlining Family History Data of a Breast Cancer Patient

Patient
1D
Relative type
(Self)
Cancer
Y ear diagnosed
Age diagnosed
Genetic syndrome
suspected
Genetic test done
Genetic test result specific
Genetic test result
interpretation
Mother ID number
Father 1D number
Relative ID number
Relative type (Brother,
sister...)
Cancer
Y ear diagnosed
Age diagnosed
Genetic syndrome
suspected
Genetic test done
Genetic test result
specific
Genetic test result
interpretation
Mother 1D number
Father ID number
Relative ID number
Relative type (Brother,
sister...)
Cancer
Y ear diagnosed
Age diagnosed
Genetic syndrome
suspected
Genetic test done
Genetic test result
specific
Genetic test result
interpretation
Mother 1D number
Father 1D number
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APPENDIX B.

TheFamily History XML Sample

<?xml version="1.0" encoding="UTF-8"?>

<!I--Sample of Family History model showing a flat version of a patient's pedigree as well as the ability to represent clinical and
genomic data of the patient and any of his or her relatives. The pedigree represented in this sample file is as follows:

Patient has a mother and a father (each has two parents), two sisters, a husband, and a daughter.

This file is valid against the schema that was generated using the HL7 Schema Generator with the input of the HMD resulting from
the Visio model with the Genotype model plugged in as a CMET, which, in turn, includes the BSML and MAGE-ML constrained
schemas for the raw genomic data.

For comments, please e-mail Amnon Shabo (Shvo) at shabo@il.ibm.com (IBM Research Lab in Haifa).
>
<Patient xmIns="urn:hl7-org:v3" xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance" xsi:schemalLocation="urn:hl7-org:v3
POCG_MT004008.xsd">
<id extension="555.001-SUBJ"/>
<id extension="555.002-NMTH"/>
<id extension="555.003-NFTH"/>
<l-- PATIENT-->
<patientPerson>
<administrativeGenderCode code="F"/>
<birthTime value="1957"/>
<l-- MOTHER-->
<relationshipHolder>
<id extension="555.002-SUBJ"/>
<id extension="555.004-NMTH"/>
<id extension="555.005-NFTH"/>
<code code="NMTH"/>
<relationshipHolder>
<l-- The value 'true’ means that this person is dead. Default value is 'false'-->
<deceasedInd value="true"/>
</relationshipHolder>
<subjectOf>
<clinicalGenomicChoiceClinicalObservation>
<!-- Ovarian Cancer observation of the patient's mother-->
<code code="vV1043" codeSystemName="ICD" displayName="HX OF OVARIAN MALIGNANCY"/>
<!-- The following construct represents the estimated age at which the above diagnosis was made
(40)-->
<subject>
<estimatedAge>
<value value="40"/>
</estimatedAge>
</subject>
</clinicalGenomicChoiceClinicalObservation>
</subjectOf>
<!I-- The following construct represents the estimated deceased age (72)-->
<subjectOf>
<clinicalGenomicChoiceEstimatedDeceasedAge>
<value value="72"/>
</clinicalGenomicChoiceEstimatedDeceasedAge>
</subjectOf>
</relationshipHolder>
<l-- end of MOTHER data-->
<l-- FATHER-->
<relationshipHolder>
<id extension="555.003-SUBJ"/>
<id extension="555.006-NMTH"/>
<id extension="555.007-NFTH"/>
<code code="NFTH"/>
<l-- The following construct represents the estimated age (75)
Note that the code element will be fixed in the schema to the LOINC code below,
so there is no need to send it in each instance, and it appears here for illustration purposes.-->
<subjectOf>
<clinicalGenomicChoiceEstimatedAge>
<code code="21611-9" displayName="ESTIMATED AGE" codeSystemName="LOINC"/>
<value value="75"/>
</clinicalGenomicChoiceEstimatedAge>
</subjectOf>
</relationshipHolder>
<!-- end of FATHER data-->
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<relationshipHolder>
<!-- MATERNAL GRANDFATHER -->
<id extension="555.004-SUBJ"/>
<code code="GRFTH"/>
<subjectOf>
<clinicalGenomicChoiceEstimatedAge>
<value value="98"/>
</clinicalGenomicChoiceEstimatedAge>
</subjectOf>
</relationshipHolder>
<l-- end of maternal grandfather data-->
<relationshipHolder>
<I-- MATERNAL GRANDMOTHER -->
<id extension="555.005-SUBJ"/>
<code code="GRMTH"/>
<subjectOf>
<clinicalGenomicChoiceEstimatedAge>
<value value="67"/>
</clinicalGenomicChoiceEstimatedAge>
</subjectOf>
</relationshipHolder>
<l-- end of maternal grandmother data-->
<relationshipHolder>
<l-- PATERNAL GRANDFATHER -->
<id extension="555.006-SUBJ"/>
<code code="GRFTH"/>
<subjectOf>
<clinicalGenomicChoiceEstimatedAge>
<value value="78"/>
</clinicalGenomicChoiceEstimatedAge>
</subjectOf>
</relationshipHolder>
<!I-- end of paternal grandfather data-->
<relationshipHolder>
<l-- PATERNAL GRANDMOTHER -->
<id extension="555.007-SUBJ"/>
<code code="GRMTH"/>
<subjectOf>
<clinicalGenomicChoiceEstimatedAge>
<value value="87"/>
</clinicalGenomicChoiceEstimatedAge>
</subjectOf>
</relationshipHolder>
<l-- end of paternal grandmother data-->
<l-- SISTER-->
<relationshipHolder>
<id extension="555.008-SUBJ"/>
<id extension="555.002-NMTH"/>
<id extension="555.003-NFTH"/>
<code code="SIS"/>
<relationshipHolder>
<deceasedInd value="true"/>
</relationshipHolder>
<subjectOf>
<clinicalGenomicChoiceClinicalObservation>
<!-- Ovarian Cancer observation of the patient's sister-->
<code code="vV1043" codeSystemName="ICD" displayName="HX OF OVARIAN MALIGNANCY"/>
<subject>
<estimatedAge>
<value value="60"/>
</estimatedAge>
</subject>
</clinicalGenomicChoiceClinicalObservation>
</subjectOf>
<subjectOf>
<clinicalGenomicChoiceEstimatedDeceasedAge>
<value value="67"/>
</clinicalGenomicChoiceEstimatedDeceasedAge>
</subjectOf>
</relationshipHolder>
<l-- end of first SISTER data-->
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<I-- SISTER-->
<relationshipHolder>
<id extension="555.009-SUBJ"/>
<id extension="555.002-NMTH"/>
<id extension="555.003-NFTH"/>
<code code="SIS"/>
<relationshipHolder>
<deceasedInd value="true"/>
</relationshipHolder>
<subjectOf>
<clinicalGenomicChoiceClinicalObservation>
<!-- Ovarian Cancer observation of the patient's sister-->
<code code="vV1043" codeSystemName="ICD" displayName="HX OF OVARIAN MALIGNANCY"/>
<subject>
<estimatedAge>
<value value="50"/>
</estimatedAge>
</subject>
</clinicalGenomicChoiceClinicalObservation>
</subjectOf>
<subjectOf>
<clinicalGenomicChoiceEstimatedDeceasedAge>
<value value="55"/>
</clinicalGenomicChoiceEstimatedDeceasedAge>
</subjectOf>
</relationshipHolder>
<l-- end of second SISTER data-->
<l-- HUSBAND-->
<relationshipHolder>
<id extension="555.01-SUBJ"/>
<code code="HUSB"/>
<subjectOf>
<clinicalGenomicChoiceEstimatedAge>
<value value="57"/>
</clinicalGenomicChoiceEstimatedAge>
</subjectOf>
</relationshipHolder>
<l-- end of HUSBAND data-->
<l-- DAUGHTER-->
<relationshipHolder>
<id extension="555.011-SUBJ"/>
<id extension="555.001-NMTH"/>
<id extension="555.01-NFTH"/>
<code code="DAU"/>
<relationshipHolder>
<deceasedInd value="true"/>
</relationshipHolder>
<l-- GENOMIC DATA-->
<subjectOf>
<Genotype>
<component2>
<individualAllele>
<text>breast cancer 2, early onset</text>
<value code="U43746" displayName="BRCA2" codeSystemName="HUGO"/>
<componentl>
<sequence>
<!-- full sequence of the daughter's BRCA2 gene goes here so that applications
could look for more information such as SNPs that are not recognized as mutations.
(note that the actual sequences below are not accurate and are presented for
illustration purposes only) -->
<code code="BSMLcon3"/>
<value>
<Definitions>
<Sequences>
<Sequence id="seql" molecule="dna" ic-acckey="U14680 REGION:
101..199" db-source="GenBank" title="BRCA1, exon 2"
representation="raw" local-acckey="this could be used by the
genetic lab">
<Seg-data>
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GCTCCCA CTCCATGAGG TATTTCTTCA
CATCCGTGTC CCGGCCCGGC CGCGGGGAGC
CCCGCTTCAT CGCCGTGGGC
TACGTGGACG ACACGCAGTT CGTGCGGTTC
GACAGCGACG CCGCGAGCCA
GAGGATGGAG CCGCGGGCGC CGTGGATAGA
GCAGGAGGGG CCGGAGTATT
GGGACCAGGA GACACGGAAT GTGAAGGCCC
AGTCACAGAC TGACCGAGTG
GACCTGGGGA CCCTGCGCGG CTACTACAAC
CAGAGCGAGG CCG
</Seq-data>
</Sequence>
<Sequence id="seq2" molecule="dna" ic-acckey="U14680 REGION:
200..253" db-source="GenBank" tittle="BRCA1, exon 3"
representation="raw" local-acckey="this could be used by the
genetic lab">
<Seg-data>
GTTCTCA
CACCATCCAG ATAATGTATG GCTGCGACGT
GGGGTCGGAC GGGCGCTTCC
TCCGCGGGTA CCGGCAGGAC GCCTACGACG
GCAAGGATTA CATCGCCCTG
AACGAGGACC TGCGCTCTTG GACCGCGGCG
GACATGGCGG CTCAGATCAC
CAAGCGCAAG TGGGAGGCGG CCCATGTGGC
GGAGCAGCAG AGAGCCTACC
TGGATGGCAC GTGCGTGGAG TGGCTCCGCA
GATACCTGGA GAACGGGAAG
GAGACGCTGC AGCGCACGG
</Seq-data>
</Sequence>
</Sequences>
<Isoforms>
<Isoform-set>
<I--The isoform tag in BSML can be used to represent an SNP.
The 'seqgref attribute is used to refer to the sequence where the
SNP occurs.
(Note that the SNPs are not based on real data but rather were made
up for illustration purposes only)-->
<lIsoform id="SNP123" seqref="seql" location="9" change=
<lIsoform id="SNP456" seqref="seql" location="32" change="C"/>
<lIsoform id="SNP789" seqref="seq2" location="124"
change="G"/>

</Isoform-set>
</Isoforms>
</Definitions>
</value>
<!-- The following attribute belongs to the HL7 Sequence class and represents the
sequencing method.
Its vocabulary has not been nailed down yet, and several options are suggested
in the Genotype documentation.-->
<methodCode code="SBT"/>
<derivation4>
<derivedSequenceVariation>
<code code="DNA"/>
<text>
<l-- The HL7 'text attribute is of ED data type and this data type has a
reference tag that allows the
pointing to the BSML Isoform element.
This referencing enables the linking between the bubbled-up
object like this sequence variation one,
to the encapsulated data in the Sequence class.-->
<reference value="#SNP456"/>
<[text>
<value xsi:type="CE" code="185delAG"/>
<l-- The interpretationCode value should be drawn from the
Observationinterpretation vocabulary that doesn't have the
DELETERIOUS value (abnormal is the closest)
but has been proposed to RIM Harmonization in November 2004 and was
accepted in principle.-->
<interpretationCode code="DELETERIOUS"/>
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<pertinentinformation>
<pertinentClinicalPhenotype>
<!I-- The use of the ID attribute populated with an OID value could
facilitate the access to the location where the actual instance of
the referred diagnosis resides (e.g., in the patient medical
records)-->
<reference typeCode="SUBJ">
<referredToExternalClinicalPhenotype>
<id root="2.16.840.1.113883" extension="diagnosis1"/>
</referredToExternalClinicalPhenotype>
</reference>
</pertinentClinicalPhenotype>
</pertinentinformation>
<derivation>
<derivedSequenceVariationProperty>
<code code="TYPE"/>
<value xsi:type="CV" code="MUTATION"/>
</derivedSequenceVariationProperty>
</derivation>
</derivedSequenceVariation>
</derivation4>
</sequence>
</component1>
</individualAllele>
</component2>
</Genotype>
</subjectOf>
<!-- CLINICAL DATA-->
<subjectOf>
<clinicalGenomicChoiceClinicalObservation>
<!-- Ovarian Cancer observation of the patient's daughter-->
<code code="V1043" codeSystemName="ICD" displayName="HX OF OVARIAN MALIGNANCY"/>
<subject>
<estimatedAge>
<value value="30"/>
</estimatedAge>
</subject>
</clinicalGenomicChoiceClinicalObservation>
</subjectOf>
<subjectOf>
<clinicalGenomicChoiceEstimatedDeceasedAge>
<value value="33"/>
</clinicalGenomicChoiceEstimatedDeceasedAge>
</subjectOf>
</relationshipHolder>
<!I-- end of DAUGHTER data-->
</patientPerson>
<!--end of PATIENT data-->
</Patient>
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